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(57)Abstract: 

PURPOSE: To decrease absorbing loss of light by 
applying materials having large optical gap on a p-layer 
or nlayer of the light-incoming side of a p-i-n junction 
structure, and at the same time, to control the reduction 
of factors by holding conductivity of more than 10™ 
8S/cm. 

CONSTITUTION: A p-layer 3 or n-layer is formed by 
adding doping gas to a mixed gas of SiH4 gas and C02 
gas dilluted by H2, At the time, it is made possible to 
obtain the a-SiO film having powerful conductivity with 
the optical gap of more than 2.0eV by holding the optical 
gas of 2.0 to 2.2eV and holding oph/ad of less than 5. To 
obtain such the a-SiO fifm, the rate of dilution of 
hydrogen at the time of film formation should be TO to 
50, and the temperature of a substrate should be 150 to 
250° a 
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(57) [KK] 

lift] P- i -ril^«ift©3feAI+«©pJlfc5t^«: 

[*J5K] SiH4 s COz &H2 T-*3RU3fcS^^*:ffl 
U «*f^y^2.0-2. 2 eV, aph/ad 

-Si OK*r»5fcftfcH:, *IK«FO*Sl(#3RflfS:10-5 
0, St£?M^£150 -250 TCfci"*. 
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[1**91] WW^^ytiWtUp-i-n 

plfcSlMinJS^ -JKsU -Sl(i-x) Ox X~mt>£ 
tis 0. 10< x <0. 40t?fe§^SR^U ^V'^-^i^-^ Kd* 
feftB, 3&*o-tflD3t**+s'^d s 2.0 eV*^L2.2 eV, 

[»*9 2] i»^*7JH-«^fc«JiASp«t?fo9, p 

«^yam« K»*s*«i-©i**9iiB«©» 

[8**94] #MWaytitt»ilfcp-i-n 
a©*AWWJi!b5pJf*>St^inJB«r, ^;^yj3 

5 £ fc *«W^i"5*IBt*:l»*?fiOM3fi*jft- 
[8**9 5] «^^«35W»Sr^p-*ktt»»^J:S8* 
*9 3 IE«fe^#^*:Km^^M5t^rfe 

[0 0 0 1] 
■ [0 0 0 2] 

K J; 0 HMt£*b* a -Si £^«t>f£: 
fig. *m«fls#»afc^34»»*:t>t>, 

Tttp in^ttSp i nffl a -Si 

7^Sfii^ 3n«S2 t p§Sa-SiS3K p/ 
i»BJB4\ ifCa-$iJi5, nS a -Sig 6 , £«m 

m±. 1 ti IT A*t6*Kl i' B svw 



(2) 1 5 2 5 9 2 

^Ltf#&|Bg56-64476 ^WftifWitftiO J; 5 
^*r*JPUfc5, WIBBB57-1B1176*53t«-t?43t»r<!!) ( k 5 
^•JK^tWHn Lfc 9 , «WHBB56-142680»43t«-e4i 
ftKO.t^^RmJS^SrjSapbJtlP, *fctt*MBBB68-19 
6p64*^*fcS^ttWBBBg61-2420B5^*-C?43:»^J: 

[0 0 0 4] 

70 [»Was#ftLJ:5 i+SMB] p»*Kt*^#*©C 

*fr«ri«fetfc»li:fi:±BOpIa -Sic : H (B) ^ 
pg!a-SiN:H (B) ■ett***^2y^*:2eVaT^ 

20 tbttft** < , miMttX^tMi tT 1 ~ 2mA/cm2 
CO P ;* CT^fCo *.fc JilBO#^0S61 -242085^ 
«OlB«ilJ;nf*, K-tV^l4Pa -Si : O : C : 
HflgTfiAM I 100 mW/cm* JSUttWUi* 

*^y^o ovajK^««"e«*ie*« (ad ) ran) 

-u MO" 13 s/cmgfirefctK K-t^^b^Rff^ 

^sa^^^y^pSw#e>^xb^^fiB^fc75» 

[0 0 0 5] Ji*©»»fcA»U ® 

# 0, 5~ 1 x 1 0- * S /cm * y 7& X 

30 ± ft ft a -S i aim* JK/ltiiffl i^fc J: 9 B53b** 
SIIU8 J: tF* a - t-feSo 

[0 0 0 6] 

[■mtr*?jfc-rafc»^*»] _b^^s^^ii^i-6fc 

fel^ *»«tta -Si£££m<t bfcp- i -n»* 

SpBteSt^inSd^ — «Sa -Siti-*) Ox T?^fc> 
0.10<x<0.40Tf*>6a-S!OA*5>ft9, ^o^r 
.O**^s/^*S2.0 eV-2. 2 eV, 25 e C^*3ft536*S 

tel II »<o^jW»***dsp«J: OiSv^a -Sicgfc* 
^fia -Si Oct 9*$#©g^ffi-t-e^^ ^^X*) 
£ 0 a -Si^^W^ L-fcp- i -n* 

<03teA*MB!Jt-*>S pJi&6lM£nB£\ SiH 4 *3J:T^C 
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[0 0 0 7] 

[ftUBj SiH4 , COz , Hz ^iS-&^^^^P— JS« 

»s*vi\ a— sid-o Ox mattes tb, o. io<x<o. 

40T?fc«a-SlOfcjfc«, — ttfc:, Sim v Oz WtCJ: 
TSiOz *t£j*S*taft:» x ^ix*S|«+l=:A5a*iix 

Jt^iry^^. 0 -2.3 eV^SKHm, S=fc5fc 
#m^a P h i:^*m^acJ ^Itaph/ad ^SETF*"*-- 

S£i:fc:J:iK 2.0 eV«±^ft**«ry^-flt*fiaMC 
10" B S/cm^_h^ p B* fete nS£iKJ§ p - i - 

ng^»I*B«a^§^5 0 tlx, *OJ:5*K 

[0 0 0 8] 

3, £1\ #9^attRl<bjit2:aBB«B2i:LTSnOa 
^<DJlil&5000-10000 A^JSSteWfiM-5. £<o*E& 
^XTCVDMtBfU SiH* ( ^e/ v-^v), 
COz ^r^^fJ^. H2 S:***;*^ B2 He K— t'^ 
^itT^n-S:^feia 9 pSa -Si OIK 3 

%ioo -2oo A^m$^j*-r^c x% bz h 6 <o 

ffi*P*£ LXttB2 He /SiH4 -0.2 -1%, ^cM^ 
<O«E«flEW:140 -250 "C, (Hz /Sim) 

fetf*. H2 ^^LTa-SlC£7)p/i #11 

4&50-200 AO*S(-W*i-5. C^p/i#mJf4 

*B»4* (1-8 -2.0 eV) \z.t£&£o\^m&%$$*:m 
jfeUfc. Sfefc* »Rll*«r200 -250 TCfc±*S*T 
^fe. SiH4 £±jfx, Hz M^Htifa- 
SiJl 5 £2000-5000 Acq J? SS^fifcU *:<D±fc$iHi 
Srfctf*. Hz ^r*5iR^^, P Ha fc K— fcT^;*?;* fc 
LTnSUa -SiJS6£150 -300 A<D/? S te»rtti-ft fl 

[ o o o 9 ] Si H4 . c 02 Hz &ife%Rjfx 

& (XPS) fcij: t)M^/ft6^iia 9 5ifSLfc q 
SB 3 d^ifEiit; (COz /SiH4 ) ixPSfcU:!)* 

(0.5%) filTlcfto-CV^S. 
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*l:*^S»S:fTofc fl JfclftSrH 4 fc:***-. 
ffiJBjff* ■ ■ * -SiH4 s COz . Hz „ Bz He 
#*Sffc*J* • ■ • H2 /SiH4 =10. 15, 20^ 30, 50 
B2 He /SiH4 -0.006 
COz /SiH4 =0. 5 -8 
* ■ ■ ' 2 0 Ot 

JE # 0. 5Torr 

IS 4 fc«"rt***»fe a -Si OBtWt£^ s 7K3S*3Rff 

10- B S/cma±^fllT-$>5o ^^T% ft*e**AU x 

0, 15, 20. 30. SOoOflgl-o^X^Si:, **b*fas 2.0 
4 eV , 2. 11 eV , 2. 12eV % 2.09 eV s 2.03 eV irfto 

[0011] *e>(ca6«a«<o*A*»W«rW-<*fcai) 

^ffl^fX ; • • -SiH4 „ COz v Hz . Bz He 

^^ffifitb* * * Hz /SiH4 =20 

Bz He /SiH< -0.006 

CO2 /SiH4 =0. 5 —8 

XtEflUE • - • • 140 x 170 , 200 , 250 *C 

JE A 0. 5Torr 

iej 5 tc^i-*s*^e> a -si oimwttfaMEaafctj** 

<«*«wi:tfb^8 ( , x10~ 6 S/cm 
fc4S3t**^y^tt, SWa^140 ti. 170 200 
250 ^CcdK^ov^Ts 2. 08 eV , 2. 13 e 

V . 2. 12 eV , 2.05 eV i4oT^5, 1"**?^ ^-f 

UU>"*tEia*tt170 t-CfcS, 150 -200 ^cDtSHiCfe 

4, 5*^10-* S/cm^±^m^e«^tt^^ J ry^ 
2.2 eVKT^fc#*=i»fe*tS^i:*5fcA*ofc. 
[0 0 12] £A_h* TKlfe^^tSKmS^o^Ti/^ 
tf, 7jcift^S20^^oKKi^170tj&SftMft^*Tfc 
0, Z<Dt£, Sftce^ff^l x10- B S/cm(i:?i^^ 
^-v^T 0 ^. 13 eV fcftSo r<D36^-ry^> 
to a -Si CE-^ a -Si NK^tfc^-CO. 1 eV^Ji^ < *o 

rasa, «ftTi"<-ft.fcfm* s »6*t*cfc*sfo 3 s* 1 B 0 

**#3|R«15-30**olS«ta«150 ^-200 "C© 

iSHtcfe^«, mnmmm& 1 xio- 6 s/cmx^#^^ 

y^* s »2. 1 eVfc*S J: 5ftA«F*Wffi* 5 *e>*bS-fc 

[0 0 13] ±iatf3*3a**IBt*f*, *§g*«£20, X 
tE«LK170 ttMUpIa -Sf 0^25^:^*5 ft $ 
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i □ a 
i. y y 


1*0 X1U 


0.1X10 


2. 5 


2. 0 7 


\jw j j.\y 






2. 1 6 


1.9 X10-* 


7.LX10- 7 


2-7 


2.2 3 


9.8 X10- B 


2.8X10-" 


3.5 


2.3 0 


4.5 X10-° 


7.9X10-" 


5.7 


2. 3 9 


2.6 XM)- 10 


2.0 X10-" 


13.0 



[0015] itijzi? io- s s /cm±(vm>&&mm&'& 

ktfibfroti* oft^ pla-SlCKib^^pSa- 
p/i #®i!4^IE§Ufc«^^^^^ir7U^if#tttt 

^flli^f^^^^lOO A, 4000A, 200 At 

£3SJB Lfc p M a -Si OM^iSJ3I^#^*^ii 9 X~fo 

TO 0 1 6] 

ffiffl^"^. * - - -Sim COz N H2 , B2 He 
#*?5Sfttt- • - Ha /SiH4 -20 

Bz He SS\H* ==0.006 * 



#COz /SiH4 =2.5 



• V' 1 70t 
BE il 0, STorr 

[0 0 17] 
ft^*^^ . . . 2. 16 eV 

^>H®4* 1.1 xio- 6 s/cm 

ffli^MSslg* -0.5 x10- 6 S/cm 
fPKLfc*/ufl3atftSa*«rAIIII1.5 . 100 mW/cjn 2 cD^ 

[0 0 18] 
[*2] 



pjf 


p/iOTf 


Voc(V) 


J scOnfl/cm 2 ) 


FF 


EFP(X) 


a -SiC 


& *> 


0. 8S 1 


1.8.3 2 


0.7 4 0 


12. 0 7 




0. 8 3 5 


17. 9 4 


0. 7 2 2 


10. 8 1 


a -SiO 




0. 89 2 


19. 1 3 


0. 7 3 3 


12. 5 0 




0. 8 2 0 


18.7 8 


0.7 1 9 


11.07 



[0 0 19] ^^6, a-SiOtt*pJBfc»BLfc 40 

a -si cm&mm vfrtzxv * j sc**ft *> 

V>>&^»fehtb&Z.ki&t2fo& 9 £fc, a-SiC<Op/ 
i *ffi»»AMfa, P B# a -Si C J: D ft£ ft t a 
-Si O J; 5 <t ft t T?l£l£M«*-e*!S £ ir dSfo^o 

p/ifl.ffi«Oft»ltt. r*L£T-S»5Q 
*«* C«*.tfa-SlC4:a-SI) IS5*&^FS£^£ 

^^T#/cp/j #Blttfef pit IX f* i M^IrI 



£>ofc 0 l¥ot, ^[illllfi Lfca -SiO^pJl^ a -Si 

cci i m<omz a -si c<& p / i &mm &m A-rs j: 5 ft 

p/iWB^DS^Ktttt^SE-frfciato-e 
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[0 0 2 0] He^-ttb-ena-SiCWp/i JILffiJBfc 
fcHi»61 f-^-T p SS a -S i ofll^igJE Lfcir/KJO^s^ 

p§Ua -SiOJBfcir/McaJS+Si: P§Ha -SiCflK^ffl 

[0 0 2 1] A,, p/ i #SJl4(-a -SrO^ffi 

O (D P / i #®Ji <D/iM&m4T!B<z>« 5 S c 
ffiffltf;* • • • , COz , H2 

* • Hz /SlH4 = 20 
COz /SiH* =0.25 

— • • i 7 or 

J£ * 0. 5Torr 

[0 0 2 2] 
3t^^-r y^- * ■ 2.00 eV 
%mn& ' ■ • • ■ 1.7 x10" 6 S/om 
tftfifS ■ • • -1.2 X10" 11 S/cm 
W7&Z<D£ 5 ft a "SiOCDp/ i #?>®JI 4 Sr'firrS'fc 
/v(D^ifl.HJBKSCt^Ht«*r^i-o J: 
5*::* p/i*E»<o»AfcJ;5HSrtlffi*s*IJDU 
&3»«srt)±-t-* 0 p/ifl-BffJB4<©JK«3&s90Aofc 
t\ Voc=0.899 V. Jsc =18. 81mA /cm* , FFH 
740 ^2.5%<DlklKX&&&*WbiiX\**& 9 ^:UX, 
p/i*E«<35HWtt6O^120 A*SS*U^ 30-18 
0 A^H^fc^a^Jfc^fcS^fctfc^So 

[0 0-2 3] JEJL±; a -SiOfl£&pB^JS^£::££ 
ol^T<D*3fc-<T *3PJ3<D a -SiOBtttnJBfc- 

ftS#9Mflr s^sM. TeV T*A#ftBWttAS»6ix-C^ 
6* 

• • * -SiH4 . COz s Hz . PH3 

tfxffiAtk ■ • • Hz XSiH4 =20 
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PH3 /SiH4 =0.01 
COz /SiH4 =0.5 —8 

mfcum • • • ■ 1 7 or 

JE >b 0. 5Torr 

[0 0 2 4] 

^WfcJifttf. pJg^SiH4 s c 
Oz . Hz 0»-fr#^<Dd«J!:j:9»*U *^o^8SB# 

^2.0-2.2 eV. ciph/ad >5KJi^'r5^ifc 

6\ «*^***iry^2.0 eVKT^pfllSrfflo^fc*^ 
artmSo Sfcfc, p/i*BaJ-iS5*«:«liD'li: 

i"t-BfcffiU3t a -Si CfcS^Wta -SiO(7>#SJi&l¥A 

[HS0llWftR0n 

[0 i ] MtwcDa -si t>>^/i> 

[12] tt*©a -Si±*«ft©^^/i^/U(OWfBia 
[ID 3] a-SiO«©^«*tt:fcadtJfci:c?5BB«jftig 

[B4i paa-sioawt£^***3R*t^H«»ig 

[0 5] pSa-SiOKWtttSKiaS^^ifflffiJtlia 
[El 8] pBKa -SlOflg&JS^fcirA-i a -SiCJ)H& 

[0 7] a -SiO£>p/ i #®@^#AUfc*I©mmir 

1 #9*KtE 

2 shwe 

3 p^a-SlOj§ 

4 p / i #SS 

5 i»a-SiJS 

6 nMa-SiS 

7 &JR«ffi- 
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